Trigeminal neuralgia  by Leclercq, D. et al.
Diagnostic and Interventional Imaging (2013) 94, 993—1001
CONTINUING EDUCATION PROGRAM: FOCUS.  . .
Trigeminal  neuralgia
D.  Leclercqa,∗,  J.-B.  Thiebautb,  F.  Héranc
a Neuroradiology  Department,  Pitié-Salpêtrière  Hospital  Group,  UPMC,  47-83,  boulevard  de
l’Hôpital,  75013  Paris,  France
b Neurosurgery  Department,  Rothschild  Ophthalmology  Foundation,  25-29,  rue  Manin,  75019
Paris, France
c Neuroradiology  Department,  Rothschild  Ophthalmology  Foundation,  25-29,  rue  Manin,
75019 Paris,  France
KEYWORDS
Cranial  nerves;
Trigeminal  neuralgia;
Pain
Abstract  Two  different  clinical  entities,  essential  or  secondary  neuralgia,  are  associated  with
different  pathologies.  The  pathways  of  CN  V  comprise  the  cervical  spine,  the  brainstem,  the
root of  the  nerve  and  the  three  peripheral  branches:  V1,  V2  and  V3.  The  lesions  responsible  for
neuralgia  are  neoplastic,  vascular,  inﬂammatory,  malformative  or  post-traumatic.  The  exam-
ination protocol  should  explore  the  set  of  CN  V  pathways.  Neurovascular  compression  is  the
main cause  of  essential  neuralgia.  It  is  investigated  by  T2-weighted  inframillimetric  volume.
Two conditions  are  necessary  to  diagnose  a  neurovascular  compression:  localised  on  the  root
entry zone  [(REZ),  2—6  mm  from  the  emergence  of  the  pons]  and  perpendicularly.  In  the  absence
of neurovascular  compression,  thin  slices  and  a  gadolinium  injection  are  necessary.
© 2013  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Trigeminal  neuralgias  can  be  extremely  severe  facial  pain  of  a  highly  debilitating  nature.
Imaging  is  indicated  to  identify  any  curable  lesion.  Trigeminal  neuralgia  can  be  caused  by
multiple  lesions  on  the  pathways  of  the  ﬁfth  cranial  nerve  pair:  the  sensory  nuclei  of  CN
V,  the  sensory  root  and  its  branches,  up  to  the  skin.
As  a  result  of  this,  the  assessment  of  trigeminal  neuralgia  requires  a  good  understanding
of  anatomy  and  possible  aetiological  ranges.
Objectives
The  objectives  are  as  follows:
• clinical  understanding  and  physiopathology  of  the  two  types  of  trigeminal  neuralgia;
• knowledge  of  the  normal  anatomy  of  the  trigeminal  nerve;
• knowledge  of  the  principle  lesions  responsible  for  trigeminal  neuralgia;
• knowledge  of  how  to  protocol  an  MRI  examination  for  trigeminal  neuralgia;
• knowledge  of  the  principle  therapeutic  option.
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Figure 2. Representation of CN V nuclei: sensory nuclei and their
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natomy
he  trigeminal  nerve  is  the  ﬁfth  cranial  pair.  It  is  a  sensory
nd  motor  nerve,  consisting  of  a  large  sensory  root  and  a
mall  motor  root.
The  sensory  root  transmits  sensory  information  from  the
nilateral  hemiside  and  is  divided  into  three  branches  which
orrespond  to  three  different  skin  areas  (dermatomes):  V1,
2  and  V3  (Fig.  1).
The  motor  root  innervates  the  unilateral  masticator  mus-
les.  This  root  cannot  be  distinguished  from  the  sensory  root
n  MRI.  It  has  a  common  pathway  with  the  common  trunk  of
he  nerve  and  root  of  CN  V3  over  the  whole  pathway.
Trigeminal  neuralgia  can  be  caused  by  a  lesion  of  the
ensory  nuclei  of  CN  V  and  the  sensory  root  and  its  branches
p  to  the  skin.
Exploration  of  the  pathways  of  CN  V,  therefore,  involves
nalysis  of  the  posterior  fossa  and  the  facial  bones  [1].
The  nuclei  of  CN  V  have  broad  distribution  over  the  brain-
tem  and  the  upper  cervical  spine  (Fig.  2).  This  explains  why
ervical  medullar,  bulbar,  pons  and  mesencephalic  lesions
an  be  responsible  for  CN  V  neuralgia.
The  root  of  CN  V  emerges  from  the  pons  and  follows  a
athway  within  the  base  cisterns  to  Meckel’s  cave  (Fig.  3).
This  cave  corresponds  to  a  fold  of  the  dura  mater,  con-
aining  cerebrospinal  ﬂuid.  Within  Meckel’s  cave,  we  ﬁnd
asser’s  ganglion,  which  corresponds  to  the  division  of  the
oot  of  CN  V  into  three  branches  (Fig.  4).
Meckel’s  ganglion  is  not  associated  with  signiﬁcant
nlargement  of  the  root  ending.
Branch  V3  and  the  motor  root  present  a  vertical  pathway,
escending  towards  the  masticator  space  through  the  fora-
en  ovale  (Fig.  5).  This  descending  pathway  takes  place  at
he  junction  between  the  termination  of  Meckel’s  cave  and
he  entry  point  into  the  cavernous  sinus.  Therefore,  CN  V3
oes  not  cross  the  cavernous  sinus.Branches  V1  and  V2  have  an  anterior  horizontal  pathway
n  the  lateral  side  of  the  cavernous  sinus.
igure 1. Representation of dermatomes corresponding to the
hree CN V branches: V1, V2 and V3.
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sfference are represented in grey, the motor nucleus and its effer-
nce are represented in white.
At  the  end  of  the  cavernous  sinus,  branch  V2  crosses  three
tructures:  the  foramen  rotundum  (Fig.  6),  the  pterygopala-
ine  fossa  (Fig.  7)  and  then,  the  infraorbital  canal  (Fig.  8)
p  to  the  skin.
Branch  V1  crosses  the  superior  orbital  ﬁssure  and  presents
 pathway  within  the  orbit  (Fig.  9).
The  distal  ends  of  the  branches  correspond  to  the  der-
atomes  in  Fig.  1.
linical presentation
wo  different  clinical  pictures  emerge  which  correspond  to
ifferent  aetiological  ranges.
ssential neuralgia
ssential  neuralgia  has  a  characteristic  clinical  presenta-
ion.  Patients  present  with  intense  paroxysmal  pain  of  the
lectrical  discharge  type  (‘‘painful  ﬂashes’’),  which  lasts
bout  a  second  and  which  occurs  in  repeated  bursts  for
everal  minutes.  This  pain  is  always  unilateral  and  typ-
cally  limited  to  one  or  two  branches:  usually  V2  and
3.
In  some  patients,  these  painful  bursts  can  be  triggered
imply  by  cutaneous  contact  with  a  trigger  zone  or  during
ovement.  Where  this  trigger  zone  exists,  there  is  a  refrac-
ory  period  at  the  end  of  an  episode  of  pain  during  which
he  subject  can  touch  the  trigger  zone  without  this  causing
ain.
Neurological  examination  of  these  patients  is  usually  nor-
al.
Pain  is  alleviated  by  inhibitors  of  the  sodium  channels.
Neurovascular  compression  is  the  principal  cause  of
ssential  neuralgia.
Other  causes  are  possible,  such  as  Chiari’s  malformation,
ultiple  sclerosis  or  a  lesion  of  the  cerebellopontine  angle
tretching  the  root.
Some  patients  have  a  normal  MRI  scan.
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Figure 3. Visualisation of the roots of CN V within the base cisterns, after their emergence from the pons on a T2-weighted inframillimetric
sequence in the sagittal (A) and axial (B) planes.
Figure 4. Visualisation of Meckel’s cave (trigeminal fossa) bilaterally in T2 coronal (A), T2-weighted axial (B) and T1 after injection (C).
CSF a
hThis cavity corresponds to a fold in the dura mater containing the 
T2-weighted sequences (B).
Secondary neuralgiaThe  clinical  picture  differs  from  essential  neuralgia.  The
pain  is  usually  dull,  continuous,  with  painful  paroxysms  last-
ing  3—4  h.  The  disorder  can  affect  the  three  dermatomes.
There  is  no  trigger  zone.
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Figure 5. Visualisation of the oval foramen (arrows) through which CN
views corresponding to T2 coronal (C) and T1 axial after injection with 
abnormally as a result of tumour inﬁltration (perineural extension) wh
injection.nd Gasser’s ganglion. The division branches of CN V are visible on
The  neurological  examination  may  be  normal:  associated
ypoesthesia,  impairment  of  other  cranial  nerves  or  of  the
entral  nervous  system.
There  are  many  aetiologies  and  any  pathology  on  the
athway  of  CN  V  that  can  be  responsible  for  secondary  neu-
algia.
 V3 passes. Scan image in the coronal (A) and axial (B) sections and
fat saturation (D). On image D, the left oval foramen is enhanced
ereas the healthy controlateral foramen ovale is not visible after
996  D.  Leclercq  et  al.
Figure 6. Visualisation of the foramen rotundum through which CN V2 passes (arrows). Scan image in the coronal (A) and axial (B) sections
and views corresponding to T2 coronal (C) and T1 axial after injection with fat saturation (D). On images C and D, the left rotundum foramen
is enhanced abnormally as a result of tumour inﬁltration (perineural extension) whereas the healthy controlateral foramen rotundum is not
visible after injection.
Figure 7. Visualisation of the pterygopalatine fossa which CN V2 passes (arrows). Scan image in the sagittal plane (A), T1 sagittal view
after injection with fat saturation (B) and T2 axial view (C). On image B, the foramen rotundum is enhanced abnormally as a result of
tumour inﬁltration (perineural extension). On image C, a regular hyper T2 mass corresponding to a Schwannoma is present in the right
pterygopalatine fossa.
Figure 8. Visualisation of the infraorbital canal through which V2 passes (arrows). T1 coronal (A) and axial (B) views after injection with
fat saturation. The left infraorbital canal is abnormally enhanced due to an inﬁltration (sarcoidosis) whereas the healthy contralateral canal
is not enhanced after injection. On image B, this inﬁltration is visualised over the pathway of CN V2: continuously with the cavernous sinus,
round foramen and pterygopalatine fossa (arrows).
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N V1 (arrows). T1 axial view after injection with fat saturation (A) and
Figure 11. Left neurovascular compression (arrow). Perpen-
d
c
•
•
•
wFigure 9. Visualisation of the superior orbital ﬁssure crossed by C
T2 coronal (B).
Investigation of trigeminal neuralgia
MRI  investigation,  and  therefore  the  protocol,  may  vary  as
a  function  of  the  suspected  pathology  and  abnormalities
observed  during  the  examination.
An  initial  protocol  can  be  suggested:
• T1  sagittal  (Fig.  10):  this  makes  it  possible  to  locate  the
root  of  CN  V,  usually  in  the  ﬁrst  lateral  slice  to  the  brain-
stem,  at  the  level  of  the  pons.  Thin  slice  acquisitions
will  be  positioned  along  the  axis  of  the  nerve.  Also,  this
sequence  explores  the  cervico-occipital  joint;
• T2  axial:  explores  the  brainstem,  cavernous  sinus,  facial
bones;
• T2-weighted  axial  centred  on  CN  V;
• at  least  one  injected  section  of  thin  slices  passing  through
CN  V,  depending  on  the  results,  other  sequences  may  be
carried  out;
• in  the  case  of  neurovascular  compression,  carry  out  3D
TOF  vascular  acquisitions  to  determine  the  arterial  or
venous  source  of  the  conﬂict.
Aetiologies
Essential neuralgiaSeveral  causes  of  essential  neuralgia  can  be  observed:
• neurovascular  compression,  which  represents  the  princi-
ple  aetiology  responsible  for  essential  neuralgia  (Fig.  11);
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Figure 10. Visualisation of the root of CN V on the ﬁrst lateral cut at t
tation of the axis of the plane of acquisition chosen to position ﬁne cut sicular vessel leading to pressure on the nerve on the zone
orresponding to REZ (2 mm from the emergence of the brainstem).
multiple  sclerosis  (Fig.  12);
a lesion  developing  in  the  cisterns  stretching  the  root  of
CN  V  (Fig.  13);
Chiari’s  malformation.
Finally,  neuralgia  can  be  purely  essential,  in  other  words,
ithout  a  causal  lesion  found  during  investigations.
eurovascular  compression
he  physiopathology  of  neurovascular  compression  is  poorly
nderstood.  Repeated  microtraumas  linked  to  vascular  pul-
ation  may  induce  a  demyelinisation  zone  with  aberrant
he brainstem with T1 sagittal acquisition (A, arrow) and represen-
equences (B).
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iigure 12. Multiple sclerosis lesion responsible for left CN V ne
nterestingly, enhancement of the ﬁrst millimetres of the root of CN
emyelinisation  and  the  creation  of  neoreceptors,  which  can
enerate  ectopic  inﬂuxes.
This  conﬂict  can  only  take  place  in  a  precise  area  of
he  nerve,  which  corresponds  to  a  fragile  area  of  the  nerve
alled  root  entry  zone  (REZ)  or  transition  zone.  It  cor-
esponds  to  the  transition  zone  between  central  myelin
oligodendroglia)  and  peripheral  myelin  (Schwann  cells).
his  transition  does  not  take  place  at  the  emerging  point  of
he  nerve  but  in  the  nerve  root  at  a  varying  distance  depend-
ng  on  the  nerve.  For  the  trigeminal  nerve,  REZ  is  2—6  mm
rom  emergence  of  the  brainstem.
To  conﬁrm  diagnosis  of  neurovascular  compression,  two
onditions  are  necessary:
contact  of  a  vessel  (artery  or  vein)  with  REZ;
perpendicular  to  the  axis  of  the  nerve.
At  best,  this  contact  is  associated  with  a  mass  effect
pressure)  on  the  nerve’s  pathway  (Fig.  11) [2].
econdary neuralgiall  diseases  of  the  CN  V  pathway  may  be  responsible  for
econdary  neuralgia.  Good  understanding  of  anatomy  is
herefore  essential  to  explore  the  set  of  zones  where  this
bnormality  can  occur.
b
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igure 13. Epidermoid cyst revealed by essential neuralgia of the rig
nframillimetric image (A). Axial diffusion (B) conﬁrms diagnosis of an epia of the essential type in T2 axial (A) and T1 after injection (B).
 observed (central myelin zone ahead of REZ).
Understanding  of  the  dermatome(s)  involved  is  often  an
ssential  aid  to  diagnosis.
We  are  able  to  observe  the  following  lesions  as  a  function
f  topography  [3—5].
esion  of  the  nuclei  of  V
here  are  many  pathological  conditions  that  involve  the
rainstem  and  the  cervical  spine.  The  most  commonly
bserved  lesions  are  ischaemia,  haemorrhage  (cavernoma),
ultiple  sclerosis,  tumour  and  syringomyelic  cavitation
Fig.  14).
esions  of  the  root  within  the  cisterns  and
eckel’s cave
he  appearance  of  lesions  can  be  non-speciﬁc  (Fig.  15).
n  fact,  we  can  see  continuous  staining  from  the  root
n  pathologies  as  varied  as  infectious  meningitis  (CMV,
uberculosis),  carcinomatous  meningitis,  lymphoma  or  neu-
osarcoidosis.  In  these  situations,  diagnosis  is  based  on
ssociated  localisations  or  a  general  exploratory  assess-
ent.
In  this  topography,  impairment  of  the  root  may  be  either
enign  in  origin  (sarcoidosis,  Schwannoma)  or  malignant
metastases,  perineural  extension,  lymphoma  or  carcinoma-
ous  meningitis).  The  root  can  also  be  the  site  of  extrinsic
ht CN V. The root of right CN V is stretched by the cyst on the T2
idermoid cyst.
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Figure 14. Examples of secondary neuralgia caused by lesions of the CN V nuclei. Ischaemic stroke in axial diffusion (A) and left cervical
medullary cavernome in T2 coronal (B).
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(Figure 15. Examples of secondary neuralgia associated with non-s
(A), carcinomatous meningitis (B) and discontinuous perineural exte
compression  (epidermoid  cyst,  Schwannoma  of  CN  VIII)
(Fig.  16).
Lesions  of  the  cavernous  sinus
Lesions  of  the  cavernous  sinus  can  be  primary,  such  as  a
meningioma,  Schwannoma  or  an  aneurysm.  The  localisation
of  sarcoidosis,  lymphoma  or  metastases  is  often  very  non-
speciﬁc  (Fig.  17).Finally,  the  lesion  may  be  found  to  be  an  extension  into
the  cavernous  sinus  of  a  lesion  on  the  base  of  the  skull
(chondromas,  chordomas,  metastases)  or  a  lesion  of  an  ENT
lesion  by  perineural  extension  that  is  either  continuous  (by
E
o
p
Figure 16. Examples of secondary neuralgia caused by a lesion on t
Schwannoma of the right CN VIII (A), Schwannoma of the left CN V (B) anc contrast uptake of the CN V roots in injected T1 axial: lymphoma
n of a cystic adenoid carcinoma (C).
roximity)  (Fig.  18A)  or  discontinuous  (cystic  adenoid  carci-
omas)  (Fig.  18B).
istal  branches  lesions
chwannomas  are  observed  (Fig.  7C).
The  other  impairments  are  usually  non-speciﬁc:  contin-
ous  contrast  medium  uptake,  T2  hyposignal:  sarcoidosis
Figs.  6C  and  D,  8A  and  B) or  perineural  extension  of  an
NT  cancer  (Fig.  5D,  7B,  19).
In  the  case  of  CN  V3,  as  a  result  of  the  common  pathway
f  the  sensory  root  with  the  motor  root,  unilateral  amytro-
hy  of  the  masticator  muscles  may  be  observed  (Fig.  19B).
he root of CN V (A, B) and Meckel’s cave (C): compression by a
d inﬁltration of the left Meckel’s cave by sarcoidosis (C).
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Figure 17. Examples of left secondary neuralgia caused by lesions of the cavernous sinus: carotid aneurysm (A), meningioma (B),
sarcoidosis (C).
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iigure 18. Examples of perineural inﬁltration of the cavernous si
he left cavernous sinus by the oval foramen (arrows). Discontinuou
his  element  reveals  the  presence  of  a  lesion  (sometimes
illimetric)  on  the  pathway  of  CN  V3.
As  a  result  of  the  broad  range  of  possible  pathologies,
nalysis  of  various  areas  of  CN  V,  the  cervical  spine  and  the
acial  region  is  essential.
The  imaging  protocol  is  often  modiﬁed  in  the  course
f  examination  in  order  to  be  able  to  carry  out  modi-
ed  complementary  sequences  (fat  saturation,  thin  slices,
tc.).
reatmentedical
nitially,  treatment  is  medical  and  often  effective.
G
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igure 19. Examples of secondary neuralgia caused by small size dis
2 in the pterygopalatine fossa (A). Impairment of the right CN V3 in th
ndicates the presence of a lesion on CN V3.nd oval foramen. Continuous perineural extension (A) of a UCNT in
ineural extension (B) of a cystic adenoid carcinoma.
The  most  commonly  used  molecules  are  carbamazepine,
xcarbazepine,  gabapentin  or  lamotrigin.
urgical
n  the  case  of  a  failure  of  medical  treatment,  two  main
echniques  are  suggested:  thermocoagulation  of  Gasser’s
anglion  and  neurovascular  decompression.
hizolysis
he  most  common  technique  is  thermocoagulation  of
asser’s  ganglion  by  transcutaneous  route.  This  technique
s  effective  for  a  dozen  years  and  can  be  repeated  two  or
hree  times  in  a  patient’s  lifetime.  Following  this,  there  is  a
isk  of  denervation  pain,  which  can  be  equally  debilitating.
continuous perineural extensions (arrows). Impairment of left CN
e masticator space (B): amyotrophy of the unilateral masticators
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• The  possible  topographical  area  affected  is  extensive
from  the  cervical  spine  to  the  facial  region.
• MRI  investigation  is  based  on  an  initial  imaging
protocol  that  can  be  completed  by  examination  if
lesions  are  detected.
• In this  context,  clinical  understanding  of  the  patient
prior  to  the  MRI  scan  is  often  a  precious  aid  in
directing  the  examination  (essential  or  secondary
neuralgia,  affected  dermatomes).
• In the  case  of  essential  neuralgia,  the  most
commonly  observed  lesion  is  neurovascular
compression.  Diagnosis  is  based  on  T2
inframillimetric  acquisition  by  visualising  a  vessel
perpendicular  to  the  REZ  (at  2—6  mm  from  the
emergence  of  the  brainstem).  3D  TOF  then  makes  it
possible  to  determine  the  arterial  or  venous  origin
of  the  compression.
• In  the  case  of  secondary  neuralgia,  good
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[5] Becker M, Kohler R, Vargas MI, Viallon M, Delavemme J.
Pathology of the trigeminal nerve. Neuroimaging Clin N AmTrigeminal  neuralgia  
Neurovascular  decompression
In  the  case  of  neurovascular  compression,  a  surgical
approach  can  be  carried  out  to  eliminate  the  compres-
sion,  and  usually  involves  inserting  a  material  (Teﬂon  plate)
between  the  vessel  and  the  root.
Other  techniques
Some  neuralgia  conditions  can  be  treated  by  radiosurgery.
Sometimes  alcohol  therapy  of  the  peripheral  branches  is
indicated.
Conclusion
The  range  of  pathologies  responsible  for  trigeminal  neu-
ralgia  is  vast  and  the  possible  topographical  areas  of
impairment  are  extensive  ranging  from  the  cervical  spine
to  the  face  and  skull  base.
MRI  investigation  is  based  on  an  initial  imaging  proto-
col  that  can  be  completed  by  examination  if  lesions  are
detected.
In  this  context,  clinical  understanding  of  the  patient  prior
to  the  MRI  scan  is  often  a  precious  aid  in  directing  the
examination  (essential  or  secondary  neuralgia,  affected  der-
matomes).
In  the  case  of  essential  neuralgia,  the  most  commonly
observed  lesion  is  neurovascular  compression.  Diagnosis  is
based  on  T2-weighted  inframillimetric  acquisition  by  visual-
ising  a  vessel  perpendicular  to  the  REZ  (at  2—6  mm  from
the  emergence  of  the  brainstem).  3D  TOF  then  makes  it
possible  to  determine  the  arterial  or  venous  origin  of  the
compression.
In  the  case  of  secondary  neuralgia,  a  good  understanding
of  the  anatomy  of  the  CN  V  pathways  is  necessary.
TAKE-HOME  MESSAGES
• The  range  of  pathologies  responsible  for  trigeminal
neuralgia  is  vast:  neoplastic,  vascular,  inﬂammatory,
malformative  or  post-traumatic.
• Two  different  clinical  entities:  essential  or  secondary
neuralgia  are  associated  with  different  pathologies.understanding  of  the  anatomy  of  the  CN  V  pathways
is  necessary.
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